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&OHDU FHOO UHQDO FHOO FDUFLQRPD FF5&& LV WKH PRVW
FRPPRQIRUPRINLGQH\FDQFHUDQGWKH\HDUO\QXPEHU
RI QHZO\ GLDJQRVHG FDVHV LV VWHDGLO\ LQFUHDVLQJ 7KLV
W\SHRIFDQFHUGHYHORSVLQWKHUHQDOSUR[LPDOWXEHDQG
LV OLQNHG WR ELDOOHOLF LQDFWLYDWLRQ RI WKH YRQ +LSSHO઼
/LQGDX 9+/ WXPRXU VXSSUHVVRU JHQH 9+/ V\QGURPH
LV DQ LQKHULWHG GLVRUGHU FDXVHG E\ JHUPOLQH SRLQW
PXWDWLRQV LQ WKH 9+/ JHQH DQG LV FKDUDFWHUL]HG E\ D
SUHGLVSRVLWLRQ WR D YDULHW\ RI EHQLJQ DQG PDOLJQDQW
WXPRXUV >@ %DVHG RQ WKH SDWLHQWVૂ JHQRW\SH 9+/
V\QGURPH FDQ EH GLYLGHG LQ IRXU VXEW\SHV  $ %
DQG& WKDWDUHDVVRFLDWHGZLWKGLIIHUHQWSKHQRW\SHV
>@ >@ >@ 2QO\ WKH  DQG % VXEW\SHV SUHGLVSRVH
SDWLHQWV WR WKH GHYHORSPHQW RI FF5&& %LDOOHOLF
LQDFWLYDWLRQRI9+/KDVDOVREHHQUHSRUWHGLQXSWR
RI SDWLHQWV ZLWK VSRUDGLF FF5&& >@ >@>@ 9+/
PXWDWLRQV DUH H[WUHPHO\ KHWHURJHQHRXV DQG
GLVWULEXWHG DOO DORQJ WKH JHQH SURPRWHU H[RQV DQG
LQWURQV 'HVSLWH WKH REVHUYDWLRQ WKDW WKH
UHLQWURGXFWLRQRIZLOGW\SH9+/LQD9+/QXOOFF5&&FHOO
OLQH LQKLELWV WXPRULJHQHVLV >@ WKH PROHFXODU EDVLV RI
WXPRXU IRUPDWLRQ DQG SURJUHVVLRQ XSRQ 9+/
LQDFWLYDWLRQ UHPDLQV XQFOHDU +RZHYHU DGGLWLRQDO
RQFRJHQLFHYHQWVDUH UHTXLUHG IRUFF5&& IRUPDWLRQDV
FOHDUO\HYLGHQFHGE\PROHFXODUDQGJHQHWLFDSSURDFKHV
>@
7KHUH DUH WKUHH LVRIRUPV RI WKH 9+/ JHQH SURGXFW
NQRZQ DV S9+/ WKH IXOOOHQJWK S9+/ SURWHLQ 
DPLQRDFLGVDQGWZRVPDOOHULVRIRUPVRIS9+/







SRO\XELTXLW\ODWLRQ DQG SURWHDVRPH GHJUDGDWLRQ 7KLV
LPSOLFDWHVS9+/ LQ WKHUHJXODWLRQRIJHQHV LQYROYHG LQ
FHOO SUROLIHUDWLRQ DQG VXUYLYDO DQG LQ DQJLRJHQHVLV ,Q
DGGLWLRQ S9+/ H[HUWV RWKHU IXQFWLRQV WKDW DUH
FRPSOHWHO\LQGHSHQGHQWRILWVUROHLQ+,) αGHJUDGDWLRQ
LQFOXGLQJ UHJXODWLRQ RI PLFURWXEXOH VWDELOL]DWLRQ FHOO
F\FOH SURJUHVVLRQ >@ PDLQWHQDQFH RI DSSURSULDWH
0DGSURWHLQOHYHOVDQGFKURPRVRPDOVWDELOLW\>@
0DQ\SURWHLQNLQDVHVDUHNH\UHJXODWRUVRIFHOOF\FOH
SURJUHVVLRQ DQG DUH IUHTXHQWO\ GHUHJXODWHG LQ FDQFHU
$PRQJ WKHP WKH PLWRWLF $XURUD$ VHULQHWKUHRQLQH
6HU7KU NLQDVH KDV EHHQ LGHQWLILHG DV D SXWDWLYH
RQFRJHQLF SURWHLQ >@ 2YHUH[SUHVVLRQ RI $XURUD$
SURWHLQ LQ +H/D FHOOV SURPRWHV WKH IRUPDWLRQ RI
FRORQLHV LQ VRIW DJDU DQG IDYRXUV JURZWK RI WXPRXU
[HQRJUDIWVLQPRXVH+RZHYHULWUHPDLQVXQFOHDUKRZ
$XURUD$ RYHUH[SUHVVLRQ FDQ LQGXFH RQFRJHQLF
WUDQVIRUPDWLRQ $XURUD$ H[SUHVVLRQ LV FHOOF\FOH
UHJXODWHG DV LW LV GHJUDGHG YLD WKH XELTXLWLQ
SURWHDVRPHSDWKZD\XSRQPLWRWLFH[LW >@ ,WSOD\VD
PDMRU UROH GXULQJ GXSOLFDWLRQ DQG VHSDUDWLRQ RI
FHQWURVRPHVDQGDOVRFRQWULEXWHVWRVSLQGOHIRUPDWLRQ
DQG VWDELOLW\ $XURUD$ DOWHUDWLRQV DUH FRUUHODWHG ZLWK
DJJUHVVLYH WXPRXU EHKDYLRXU VXFK DV GLIIHUHQWLDWHG
WXPRXUJUDGHLQYDVLRQDQGQRGDOPHWDVWDVLV>@>@
$PSOLILFDWLRQRIWKH$XURUD$JHQHDQGXSUHJXODWLRQRI
$XURUD$ WUDQVFULSWSURWHLQ OHYHOV RU NLQDVH DFWLYLW\
KDYH EHHQ REVHUYHG LQ D YDULHW\ RI FDQFHUV >@ >@
>@ $XURUD$ LV RIWHQ H[SUHVVHG LQ FF5&& DQG VRPH
VWXGLHVUHSRUWHGHOHYDWHGH[SUHVVLRQOHYHOVRI$XURUD$
DQG $XURUD % LQ DGYDQFHG VWDJH WXPRXUV DVVRFLDWHG
ZLWK SRRU SDWLHQWVૂ VXUYLYDO >@ >@ ,Q DGGLWLRQ
DEURJDWLRQRI WKHPLWRWLF VSLQGOH FKHFNSRLQWKDVEHHQ
LQYROYHG LQ WKH SURJUHVVLRQ RI FF5&& >@ $OWRJHWKHU
WKHVHUHVXOWVVXJJHVWWKDW$XURUD$PD\EHLPSOLFDWHG
LQDQHDUO\HYHQWRIFF5&&GHYHORSPHQW>@>@
7R WHVW WKLV K\SRWKHVLV ZH ILUVW DVVHVVHG $XURUD$
DQG S9+/ H[SUHVVLRQ LQ FF5&& VXUJLFDO VDPSOHV ZLWK
NQRZQ9+/VWDWXVDQGWKHQLQYHVWLJDWHGWKHLUSRVVLEOH
LQWHUDFWLRQ :H VKRZ WKDW WKH $XURUD$ WUDQVFULSW DQG
SURWHLQ OHYHOV LQ FF5&& ZHUH FRUUHODWHG ZLWK WKH
WXPRXU JUDGH DQG 9+/ VWDWXV 0RUHRYHU ZH




7XPRXU DQG PDWFKHG QRUPDO WLVVXH VDPSOHV ZHUH
REWDLQHG IURPSDWLHQWVZLWKFF5&&ZKRXQGHUZHQW
SDUWLDO RU WRWDO QHSKUHFWRP\EHWZHHQDQG
7KH (WKLFV &RPPLWWHH RI WKH 0HGLFDO 6FKRRO DQG
+RVSLWDO RI 5HQQHV 8QLYHUVLW\ DSSURYHG WKLV
SURVSHFWLYH VWXG\ DQG DOO SDWLHQWV VLJQHG LQIRUPHG
FRQVHQWV 8SRQ FROOHFWLRQ WLVVXH VDPSOHV ZHUH
LPPHGLDWHO\ IUR]HQ LQ OLTXLG QLWURJHQ DQG VWRUHG DW
r& DW WKH &HQWUH GH 5HVVRXUFHV %LRORJLTXHV &5%
5HQQHV )UDQFH RU IRUPDOLQIL[HG DQG SDUDIILQ
HPEHGGHG 7KH GLDJQRVLV DQG WXPRXU VWDJLQJ ZHUH
GHWHUPLQHG E\ KLVWRSDWKRORJLFDO DQDO\VLV 7R DVVHVV
9+/ VWDWXV LQ WKH FROOHFWHG VDPSOHV GHQDWXULQJ KLJK
SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ '+3/& ZDV
FDUULHG RXW XVLQJ D :$9( 1XFOHLF $FLG )UDJPHQW
$QDO\VLV V\VWHP 7UDQVJHQRPLF *ODVJRZ 8. DQG
'1$VHS FROXPQV >@ $EHUUDQW SHDNV ZHUH IXUWKHU
DQDO\VHG E\ GLUHFW VHTXHQFLQJ XVLQJ VWDQGDUG
SURFHGXUHV $OO PXWDWLRQV ZHUH FRQILUPHG E\ 3&5
DQDO\VLVDQGVHTXHQFLQJ0XOWLSOH[/LJDWLRQGHSHQGHQW
3UREH $PSOLILFDWLRQ 0/3$ ZDV XVHG WR GHWHFW 9+/
GHOHWLRQV DV SUHYLRXVO\ GHVFULEHG >@ 7KH ZLOG W\SH






S9+/ PRQRFORQDO DQWLERG\ ZDV IURP %' 3KDUPLQJHQ
6DQ-RVH&$7KHKRUVHUDGLVKSHUR[LGDVHFRQMXJDWHG




WKH 4LDJHQ 4LDPS 7RWDO 51$ NLW DQG WKHQ ILYH
PLFURJUDPV RI HDFK VDPSOH ZHUH UHYHUVHWUDQVFULEHG
XVLQJ ROLJRG7 SULPHUV DQG WKH 00/9 UHYHUVH
WUDQVFULSWDVH 7KH UHVXOWLQJ F'1$V ZHUH XVHG DV
WHPSODWHV IRU 3&5 DVVD\V 3ULPHUV ZHUH ૂ
&7*&$777&$**$&&7*77$$**ૂ IRUZDUG DQG ૂ
$$&*&*&7***$$*$$777ૂ UHYHUVH IRU KXPDQ
$XURUD $ ૂ&7*$&77&$$&$*&*$&$&&ૂ IRUZDUG
DQG ૂ7$*&&$$$77&*77*7&$7$&&ૂ UHYHUVH IRU
KXPDQ *$3'+ FRQWURO $VVD\V ZHUH SHUIRUPHG LQ
WULSOLFDWH XVLQJ D 5RWRU*HQH  DSSDUDWXV &RUEHWW
5HVHDUFK %LRODER $UFKDPSV )UDQFH DQG WKH 6<%5
*UHHQ , PDVWHU PL[ 5RFKH 'LDJQRVWLFV 0DQQKHLP
*HUPDQ\ )RU HDFK VDPSOH WKH UHODWLYH DPRXQW RI





LQ '0(0 PHGLXP DQG 2 LQ 530, PHGLXP
VXSSOHPHQWHG ZLWK  IRHWDO ERYLQH VHUXP DQG
DQWLELRWLFVDWr&LQDKXPLGLILHG&2DWPRVSKHUH&HOOV ZHUH WUDQVIHFWHG ZLWK WKH S&099+/ YHFWRUNLQGO\ SURYLGHG E\ 'U %XFKEHUJHU +HLGHOEHUJ
*HUPDQ\ XVLQJ -HW35,0(70 DV UHFRPPHQGHG E\ WKH
PDQXIDFWXUHU 3RO\SOXV ,OONLUFK )UDQFH &HOOV ZHUH
O\VHG LQ (% EXIIHU  P0 7ULV+&O S+   P0





6HYHQW\ wO RI '\QDEHDGV FRXSOHG WR 3URWHLQ *
,QYLWURJHQ6DLQW$XELQ)UDQFHZHUHHTXLOLEUDWHGZLWK
wORI0DFHWDWHEXIIHUS+DQGLQFXEDWHGDW
r& ZLWK WKH DQWLS9+/ DQWLERG\ RU FRQWURO ,J* IRU 
KRXUVDQG WKHQZDVKHG WZLFHZLWKwO3%6%HDGV





+&O S+  P0 1D&O  7ZHHQ %RXQG
SURWHLQV ZHUH HOXWHG LQ  wO RI ; /DHPPOL VDPSOH
EXIIHU VHSDUDWHG RQ D  6'6 SRO\DFU\ODPLGH JHO





6$+LV ZHUH SURGXFHG LQ WKH (VFKHULFKLD FROLVWUDLQ%/'(S/\V6%DFWHULDZHUHO\VHGLQ,0$&
EXIIHU  P0 7ULV+&O S+   P0 1D&O 
JO\FHURO DQG  P0 LPLGD]ROH FRQWDLQLQJ  PJPO
O\VR]\PH DQG  P0 306) IRU  K DW  r& $IWHU
FHQWULIXJDWLRQDWJDWr&-$URWRU%HFNPDQ
,QVWUXPHQWVIRUPLQVXSHUQDWDQWVZHUHILOWHUHGDQG
SURWHLQV SXULILHG E\ 1L17$DJDURVH DIILQLW\
FKURPDWRJUDSK\ IROORZLQJ WKH PDQXIDFWXUHUૂV
LQVWUXFWLRQV 4LDJHQ &RXUWDERHXI )UDQFH DV
SUHYLRXVO\ GHVFULEHG >@ 7KH FRQFHQWUDWLRQ RI WKH






P0 GLWKLRWKUHLWRO  P0 0J&O LQ WKH SUHVHQFH RI w&L > γ 3@ $73 DW  &LPPRO DQG  wJ S9+/+LV RU S9+/ 6$+LV DW r& IRU  PLQ5HDFWLRQV ZHUH VWRSSHG E\ DGGLWLRQ RI  wO RI






P0 VRGLXP FKORULGH  P0 ('7$  P0 VRGLXP
IOXRULGH  P0 $(%6)  wJPO DSURWLQLQ  wJPO
OHXSHSWLQ  P0 VRGLXP RUWKRYDQDGDWH DQG
FHQWULIXJHGDWJIRUPLQ%UDGIRUGDVVD\VZHUH
SHUIRUPHG WR GHWHUPLQH WKH SURWHLQ FRQFHQWUDWLRQV LQ
WKH VXSHUQDWDQWV 6DPSOHV  wJ RI WRWDO SURWHLQV
ZHUH VHSDUDWHG RQ  SRO\DFU\ODPLGH JHOV DQG
WUDQVIHUUHGRQWRQLWURFHOOXORVHPHPEUDQHV0HPEUDQHV
ZHUHZDVKHGZLWK7%67VDWXUDWHGZLWKORZIDWPLON
LQ 7%67 DW URRP WHPSHUDWXUH IRU  KU DQG WKHQ
LQFXEDWHGZLWK WKHSULPDU\DQWLERGLHV LQ ORZ IDW
PLON LQ 7%67 DW r& RYHUQLJKW $QWLERG\ ELQGLQJ ZDV
GHWHFWHG ZLWK WKH DSSURSULDWH KRUVHUDGLVK SHUR[LGDVH
FRQMXJDWHGVHFRQGDU\DQWLERG\LQ7%67
%6$ DW 57 IRU K DQG WKH :HVWHUQ %ORW
FKHPLOXPLQHVFHQFH6XSHU6LJQDO NLW 3LHUFH5RFNIRUG










SHUR[LGH IRUPLQ6OLGHVZHUH WKHQZDVKHG LQ3%6
7ZHHQIRUPLQDQGLQFXEDWHGZLWKWKHSULPDU\
DQWLERGLHVDJDLQVW$XURUD$DQGS9+/
$QWLERG\ ELQGLQJ ZDV UHYHDOHG ZLWK +53 KRUVHUDGLVK
SHUR[LGDVHODEHOOHG SRO\PHU FRQMXJDWHG WR VHFRQGDU\
DQWLERGLHV(QYLVLRQ(°'XDO/LQN6\VWHP+53'$.2
XVLQJGLDPLQREHQ]LGLQHDVFKURPRJHQ6LJPD$OGULFK
$QWLERG\ VWDLQLQJ ZDV DVVHVVHG XVLQJ D /HLFD(°
'05;$ PLFURVFRSH HTXLSSHG ZLWK D &RRO6QDSV+4
FDPHUD3KRWRPHWULFV(°
,PPXQRIOXRUHVFHQFH
$IWHU EORFNLQJ LQ 3%6 %6$ +HOD FHOOV DQG 5&&
FHOOV FXOWLYDWHG DQG IL[HG RQWR JODVV VOLGHV ZHUH
LQFXEDWHG DW URRP WHPSHUDWXUH ZLWK WKH PRXVH DQWL
S9+/ PRQRFORQDO DQWLERG\  DQGRU WKH UDEELW
DQWL$XURUD$  DQWLERG\ GLOXWHG LQ 3%6 %6$
IRU  K $IWHU WZR ZDVKLQJV ZLWK 3%6 VOLGHV ZHUH
LQFXEDWHGZLWK$OH[D)OXRUpFRQMXJDWHGDQWLUDEELW
DQG $OH[D )OXRUp  GRQNH\ DQWLPRXVH VHFRQGDU\
DQWLERGLHV  LQ 3%6 %6$ DW URRP
WHPSHUDWXUH IRU RQH KRXU WKHQ ZDVKHG LQ 3%6 DQG
PRXQWHG LQ 9HFWDVKLHOGp FRQWDLQLQJ wJPO '$3,
,PDJLQJ ZDV SHUIRUPHG RQ D /HLFD '0  FRQIRFDO
PLFURVFRSH XVLQJ D ; +&; 3/$1$3221  RLO
LPPHUVLRQ REMHFWLYH OHQV 05LF PLFURVFRS\ SODWIRUP
6HTXHQWLDO LPDJHV ZHUH FDSWXUHG DW D VLQJOH IRFDO
SODQHXVLQJDSSURSULDWHODVHUVHWWLQJVIRUWKHGHWHFWLRQ
RI '1$ 72352p $XURUD$ DQG 9+/ ,PDJH
SURFHVVLQJ ZDV SHUIRUPHG ZLWK WKH ,PDJH- 
VRIWZDUH
6WDWLVWLFDO DQDO\VLV  $QDO\VHV ZHUH SHUIRUPHG
XVLQJ WKH *UDSK3DG VRIWZDUH 7KH QRQ SDUDPHWULF
0DQQ઼:LWKQH\WHVWZDVXVHGWRHYDOXDWHWKHVWDWLVWLFDO
UHODWLRQVKLS EHWZHHQ WKH H[SUHVVLRQ RI $XURUD$
SURWHLQ DQG WKH 9+/ VWDWXV ZWZW RU 9+/ PXWGHO DV










)LUVW ZH GHWHUPLQHG WKH 9+/ VWDWXV ZLOG W\SH ઼
9+/ZWZWRUSUHVHQFHRIPXWDWLRQVGHOHWLRQV઼9+/PXW
GHORIWKHVXUJLFDOFF5&&VDPSOHVIURPDFRKRUWRI
SDWLHQWV 7HQ VSHFLPHQV  RI WKH VHULHV ZHUH
9+/ZWZW ,Q WKH UHPDLQLQJ  WXPRXUV  ZLWK





PDLQO\ VWRS LQVHUWLRQV IUDPH VKLIW RU PLVVHQVH
PXWDWLRQVDQGRIWKHPZHUHLQH[RQDQGLQ
H[RQ2YHUDOORISDWLHQWVKDGD)XKUPDQJUDGH






:H WKHQ PHDVXUHG $XURUD$ H[SUHVVLRQ LQ WKH 
VXUJLFDO FF5&& VDPSOHV 7 E\ TXDQWLWDWLYH UHDOWLPH
3&5 )LJXUH $ 7KH $XURUD$ WUDQVFULSW OHYHOV ZHUH
VLJQLILFDQWO\KLJKHU LQ )XKUPDQJUDGHDQG WKDQ LQ
JUDGH  DQG  WXPRXUV S  DQG LQ 9+/ZWZW




:H LQYHVWLJDWHG 9+/ S9+/ DQG S9+/ DQG
$XURUD$ SURWHLQ H[SUHVVLRQ E\ ZHVWHUQ EORW DQDO\VLV
XVLQJ SURWHLQ H[WUDFWV IURP FF5&& VDPSOHV 7 DQG
PDWFKLQJQHLJKERXULQJKHDOWK\WLVVXHV1 IURP9+/
ZWZWVDPSOHVDQG9+/PXWGHOVDPSOHV)LJXUH$
,Q DOO QRUPDO VDPSOHV WKH S9+/ LVRIRUP ZDV
SUHGRPLQDQW ZKHUHDV S9+/ ZDV ZHDNO\ RU QRW
H[SUHVVHG )LJXUH $ ODQHV   DQG  ,Q WXPRXU
WLVVXHV WKHH[SUHVVLRQRIERWK9+/ LVRIRUPVZDVYHU\
YDULDEOH DQG GHSHQGHG RQ WKH 9+/ VWDWXV 9+/ZWZW
WXPRXU VDPSOHV H[SUHVVHG RQO\ S9+/ )LJXUH $
ODQH&RQYHUVHO\LQ9+/PXWGHOWXPRXUVQRS9+/RU






:H WKHQ DQDO\VHG WKH ORFDOL]DWLRQ RI S9+/ DQG
$XURUD$ E\ ,+& )LJXUH % ,Q QRUPDO UHQDO WLVVXHV
9+/ DQG $XURUD$ ZHUH KRPRJHQHRXVO\ H[SUHVVHG LQ
WKH HSLWKHOLDO FHOOV RI SUR[LPDO DQG GLVWDO WXEXOHV
)LJXUH % OHIW SDQHOV ,Q WXPRXUV WKH WLVVXH
DUFKLWHFWXUH ZDV GUDPDWLFDOO\ GLVRUJDQL]HG DQG
LPPXQRUHDFWLYLW\ WRZDUGV $XURUD$ DQG S9+/ ZDV
YDULDEOH )LJXUH % $OO 9+/ZWZW VDPSOHV H[SUHVVHG
S9+/ ZKLOH IRXU RI WKH 9+/PXWGHO WXPRXUV GLG QRW
GDWDQRW VKRZQ LQ DJUHHPHQWZLWK WKHZHVWHUQEORW
DQDO\VLV 7KH LQWHQVLW\ RI S9+/ VWDLQLQJ ZDV QRW
FRUUHODWHGZLWKWKHWXPRXUJUDGH)LJXUH$ZKHUHDV
LWV ORFDOL]DWLRQGLIIHUHGZLWK WKH WXPRXUJUDGH ,QKLJK
JUDGH WXPRXUV S9+/ H[SUHVVLRQ ZDV SUHGRPLQDQWO\
F\WRSODVPLF JUDGH  YV JUDGH  S  JUDGH 
YV JUDGH  S  )LJXUH % ZKLOH LQ ORZ JUDGH
WXPRXUV S9+/ ZDV PRVWO\ PHPEUDQHDVVRFLDWHG
JUDGHYVJUDGHS )LJXUH&
7KHLQWHQVLW\RI$XURUD$VWDLQLQJZDVFRUUHODWHGZLWK
WKH WXPRXU JUDGH JUDGH  YV JUDGH  S 
)LJXUH ( EXW QRW ZLWK WKH 9+/ VWDWXV S 
)LJXUH ' GLIIHUHQWO\ IURP ZKDW REVHUYHG IRU WKH
WUDQVFULSW OHYHO 7KLV GLVFUHSDQF\ FRXOG EH GXH WR WKH
OLPLWHG QXPEHU RI SDWLHQWV H[DPLQHG LQ RXU VWXG\
Q  0RUHRYHU $XURUD$ VWDLQLQJ ZDV PDLQO\






DQG FHOO F\FOH SURJUHVVLRQ VXJJHVWHG WKDW WKH\ PD\
LQWHUDFW 7R WHVW WKLVK\SRWKHVLV ILUVWZH VWXGLHG WKHLU
H[SUHVVLRQ DQG ORFDOL]DWLRQ GXULQJ WKH FHOO F\FOH LQ
+H/DFHOOVLQZKLFKS9+/LVHQGRJHQRXVO\H[SUHVVHG
,QWKHVHFHOOVS9+/H[SUHVVLRQYDULHGGXULQJWKHFHOO
F\FOH UHDFKLQJ D PD[LPXP LQ WKH * SKDVH )LJXUH
$ $V LW ZDV SUHYLRXVO\ VKRZQ WKDW $XURUD$
H[SUHVVLRQ DQG DFWLYLW\ DUH FHOO F\FOHUHJXODWHG DQG
WKDW $XURUD$ LV PDLQO\ DVVRFLDWHG ZLWK FHQWURVRPHV
IURP WKH HQG RI 6 SKDVH WR WKH EHJLQQLQJ RI WKH *
SKDVH >@ ZH DVVHVVHG VLPXOWDQHRXVO\ WKH




7KHQ ZH LQYHVWLJDWHG ZKHWKHU $XURUD$ DQG S9+/
LQWHUDFWHGE\LPPXQRSUHFLSLWDWLRQDVVD\XVLQJDQDQWL
9+/ DQWLERG\ DQG WRWDO SURWHLQV H[WUDFWV IURP +H/D
FHOOVWKDWKDGEHHQWUDQVIHFWHGZLWKWKHS&09K9+/SODVPLG WR RYHUH[SUHVV S9+/ 7KH LQWHUDFWLRQ ZDV
DOVR DVVD\HG E\ SHUIRUPLQJ WKH LPPXQRSUHFLSLWDWLRQ
RQ SURWHLQ H[WUDFWV RI WZR GLIIHUHQW NLGQH\ FHOO OLQHV
5&& DQG  )LJXUH & $V $XURUD$ ZDV FR
LPPXQRSUHFLSLWDWHG ZLWK S9+/ LQ DOO WKUHH FHOO OLQHV
)LJXUH & ZH WKHQ DVNHG ZKHWKHU S9+/ ZDV D
SKRVSKRU\ODWLRQ VXEVWUDWH RI $XURUD$ :H WKXV
LQFXEDWHG DIILQLW\SXULILHG UHFRPELQDQW $XURUD$+LVZLWK UHFRPELQDQW S9+/+LV LQ WKH SUHVHQFH RI
S9+/3KRVSKRU\ODWLRQDQG$XURUD$LQFF5&&
3/2621(_ZZZSORVRQHRUJ  -XQH_9ROXPH_,VVXH_H
> γ3@ $73 )LJXUH  3 ZDV LQFRUSRUDWHG LQ 9+/ LQ
WKH SUHVHQFH RI $XURUD$ )LJXUH  ODQH  DQG PDVV
VSHFWURPHWU\ DQDO\VLV RI 39+/ DOORZHG LGHQWLI\LQJ
6HU DV WKH PRVW SKRVSKRU\ODWHG DPLQR DFLG 7KUHH
GLIIHUHQW SURGXFWLRQV DQG SXULILFDWLRQV RI S9+/ DQG
$XURUD$ SURWHLQV ZHUH GRQH DQG XVHG LQ WZR
LQGHSHQGHQW NLQDVH DVVD\V EHIRUH LGHQWLI\LQJ WKH
SKRVSKRU\ODWLRQ VLWH$FFRUGLQJO\ WKH VHTXHQFHZKLFK
LQFOXGHV6HU૏65(3649,)૏PDWFKHGWKHSXWDWLYH
$XURUD$FRQVHQVXVSKRVSKRU\ODWLRQVLWH>.5[[67@
)LJXUH  0XWDWLRQ RI 6HU LQWR DODQLQH 9+/ 6$
JUHDWO\GLPLQLVKHGSKRVSKRU\ODWLRQRIS9+/E\$XURUD
$)LJXUHODQH
)LJXUH   5HODWLYH H[SUHVVLRQ RI WKH $XURUD$ NLQDVH LQ FF5&& DQG PDWFKLQJ KHDOWK\ WLVVXH
VDPSOHV  $([SUHVVLRQ RI $XURUD$ LQ WXPRXUV DQG QHLJKERXULQJ KHDOWK\ WLVVXHV 7RWDO 51$V H[WUDFWHG IURP
WXPRXUWLVVXHVZHUHUHYHUVHWUDQVFULEHGDQG$XURUD$H[SUHVVLRQZDVWKHQDQDO\VHGE\3&5XVLQJVSHFLILF$XURUD$
SULPHUV WKDW SURGXFHG DQ DPSOLFRQ RI  ES ([SUHVVLRQ YDOXHV ZHUH QRUPDOL]HG WR *$3'+ OHYHOV %$XURUD$







)LJXUH   S9+/ LV SKRVSKRU\ODWHG RQ 6HU E\
$XURUD$ LQ YLWUR  $ 3XULILHG UHFRPELQDQW [+LV
WDJJHG S9+/ >9+/+LV@ ODQH  RU PXWDQW [+LVWDJJHG S9+/ 6$ >9+/6$+LV@  ODQH  ZHUHLQFXEDWHG LQ WKH SUHVHQFH RI > γ3@ $73 DQG
UHFRPELQDQW$XURUD$+LV6DPSOHVZHUHVHSDUDWHG
E\6'63$*(DQGWKHJHOZDVVWDLQHGZLWK&RRPDVVLH
%OXH KLJKHU SDQHO S9+/ SKRVSKRU\ODWLRQ VWDWXV ZDV
DQDO\VHG E\ DXWRUDGLRJUDSK\ ORZHU SDQHO 7KH
DVWHULVNLQGLFDWHWKHS9+/SURWHLQ








7LVVXHV VDPSOHV ZHUH SUHSDUHG IRU LPPXQRKLVWRFKHPLVWU\ DV GHVFULEHG LQ 0DWHULDOV DQG 0HWKRGV DQG DQDO\VHG
XVLQJ WKH SRO\FORQDO DQWLERG\ DJDLQVW $XURUD$  DQG WKH PRQRFORQDO DQWLERG\ DJDLQVW S9+/ 



















&+H/D 5&& DQG  FHOO SURWHLQ H[WUDFWV ZHUH LPPXQRSUHFLSLWDWHG ZLWK WKH DQWLS9+/ SRO\FORQDO DQWLERG\







,QKHULWHG DQG VSRUDGLF IRUPV RI FF5&& DFFRXQW IRU
 RI UHQDO FDQFHUV DQG ORVV RI WKH 9+/ WXPRXU
VXSSUHVVRUJHQHLVLQYROYHGLQRIVSRUDGLFFF5&&
,Q DGGLWLRQ WR JHQHWLF PXWDWLRQV FF5&& LV PDLQO\
DVVRFLDWHGZLWKJHQHWLFLQVWDELOLW\WKDWFRXOGEHFDXVHG
E\ DEURJDWLRQ RI WKH FHOO F\FOH PLWRWLF VSLQGOH
FKHFNSRLQW DQG PD\ LQYROYH WKH FHQWURVRPDO NLQDVH




$XURUD$ WUDQVFULSWVZHUH VLJQLILFDQWO\ DVVRFLDWHGZLWK
KLJK )XKUPDQ JUDGH FF5&& VDPSOHV JUDGHV  DQG 
DQG ZLWK WKH 9+/ZWZW VWDWXV 6LPLODUO\ $XURUD$
SURWHLQ H[SUHVVLRQ ERWK DW WKH FHOO PHPEUDQH DQG LQ
WKH F\WRSODVP ZDV VLJQLILFDQWO\ KLJKHU LQ JUDGH 
WXPRXUVDQG WHQGHG WREHPRUHHOHYDWHG LQ9+/ZWZW




$XURUD$ RYHUH[SUHVVLRQ ZDV LQGHSHQGHQW RI WKH
WXPRXU KLVWRSDWKRORJLFDO W\SH DQG ZDV QRW FRUUHODWHG
ZLWK WXPRXU VL]H DQG O\PSK QRGH PHWDVWDVHV >@
&RQYHUVHO\ RWKHU DXWKRUV VKRZHG WKDW $XURUD$
DOWHUDWLRQV ZHUH DVVRFLDWHG ZLWK SRRU SURJQRVLV LQ
JDVWULFFDQFHUVDQGKLJKJUDGHODWHVWDJHLQEUHDVWDQG
EODGGHU FDQFHUV >@ >@ $Q H[KDXVWLYH DQDO\VLV RI
$XURUD$ H[SUHVVLRQ LQ KXPDQ 5&& UHYHDOHG QR
VLJQLILFDQW DVVRFLDWLRQ ZLWK PDMRU SDWKRORJLF IDFWRUV
>@ KRZHYHU LQ WKLV VWXG\ WKH UHODWLRQ ZLWK WKH 9+/
VWDWXVZDVQRWDVVHVVHG
$ERXWRI WKH9+/ZWZW WXPRXUV LQFOXGHG LQRXU
VWXG\ ZHUH JUDGH  ZKLOH RQO\  RI 9+/PXWGHO
WXPRXUVZHUHFODVVLILHGDVJUDGHDQG ,WKDVEHHQ
UHSRUWHG WKDW WKH RXWFRPH RI SDWLHQWV ZLWK ZLOGW\SH
9+/ LVVLJQLILFDQWO\ZRUVHERWKLQWHUPVRISURJUHVVLRQ




>@ >@ DQG QRW FRUUHODWHG ZLWK WKH WXPRXU JUDGH
+RZHYHUS9+/F\WRSODVPLFORFDOL]DWLRQZDVDVVRFLDWHG
ZLWK JUDGH  WXPRXUV DQG ZLWK KLJKHU $XURUD$
H[SUHVVLRQVXJJHVWLQJ WKDW$XURUD$RQFRJHQLFDFWLRQ
PLJKWDOVR LQYROYHLQWHUDFWLRQZLWKS9+/WRGHUHJXODWH
LWV WXPRXU VXSSUHVVRU IXQFWLRQ ,QGHHG ZH IXUWKHU
VKRZWKDWS9+/LQWHUDFWVZLWKDQGLVSKRVSKRU\ODWHG
E\$XURUD$DW6HULQWKH βGRPDLQRIS9+/6HYHUDO
SXWDWLYH SKRVSKRU\ODWLRQ VLWHV RQ S9+/ KDYH EHHQ
LGHQWLILHGE\PDVVVSHFWURPHWU\7KUHHRIWKHVHDPLQR
DFLGV DUH ORFDWHG LQ WKH DFLGLF UHJLRQ RI S9+/ 6HU
6HUDQG6HUDQGWKUHHRWKHUVDUHLQWKH βGRPDLQ
6HU 6HU DQG 6HU 6HU RI S9+/ LV D
SK\VLRORJLFDO WDUJHW RI &KHFNSRLQW NLQDVH  &+. LQ
UHVSRQVHWR'1$GDPDJH3KRVSKRU\ODWLRQRI6HUE\
JO\FRJHQ V\QWKDVH NLQDVH  *6. QHJDWLYHO\
UHJXODWHV S9+/PHGLDWHG PLFURWXEXOH VWDELOL]DWLRQ
>@ *6. UHJXODWLRQ UHTXLUHV D SULPLQJ
SKRVSKRU\ODWLRQ RQ 6 ZKLFK LQ YLWUR FDQ EH
DFFRPSOLVKHG E\ &DVHLQ NLQDVH  &. 2XU GDWD
LGHQWLI\ $XURUD $ DV WKH SXWDWLYH NLQDVH WKDW PLJKW
FDUU\ RXW WKH SULPLQJ SKRVSKRU\ODWLRQ RQ 6HU  LQ
YLYR $V S9+/ ZDV LGHQWLILHG DV D PLFURWXEXOH
DVVRFLDWHG SURWHLQ ZKLFK SUHYHQWV PLFURWXEXOHV
GHSRO\PHULVDWLRQ ZH WKHUHIRUH VSHFXODWHG WKDW WKH
SKRVSKRU\ODWLRQ RI 9+/ E\ $XURUD$ ZRXOG PRGXODWH
WKH VWDELOLW\ DQGRU G\QDPLFV RI WKH PLFURWXEXOHV
'\VUHJXODWLRQ RI VXFK FRRUGLQDWLRQ PD\ KHQFH EH
UHVSRQVLEOH RI PLWRWLF GHIHFWV OHDGLQJ WR DQHXSORLG\
ZKLFK FRQWULEXWHV WR WXPRULJHQHVLV )LJXUH  ,Q
FRQFOXVLRQ WKH SUHVHQW VWXG\ GHVFULEHV IRU WKH ILUVW
WLPHWKHUHODWLRQVKLSEHWZHHQS9+/DQGWKHRQFRJHQLF
$XURUD$ SURWHLQ NLQDVH (YHQ WKRXJK WKH H[SUHVVLRQ
OHYHOV RI ERWK SURWHLQV PLJKW QRW EH VLJQLILFDQWO\
FRUUHODWHG ZLWK WXPRXU SURJUHVVLRQ ZH K\SRWKHVL]H
WKDW WKH IXQFWLRQDO LQWHUDFWLRQ EHWZHHQ $XURUD$ DQG
S9+/ PD\ SDUWLFLSDWH LQ FHOO F\FOH UHJXODWLRQ DQG LQ





7DEOH )XKUPDQJUDGHDQG9+/ VWDWXVRI WKH
FOHDU FHOO UHQDO FHOO FDUFLQRPD FF5&& VSHFLPHQV
XQGHUVWXG\
)XKUPDQJUDGH    
9+/ZWZWQED    





:H WKDQN 'U %XFKEHUJHU IRU SURYLGLQJ WKH S&09
9+/FRQVWUXFWV:H WKDQN3U6:8OLVVH 8QLYHUVLW\
/D6DSLHQ]D5RPH,WDO\IRUKLVKHOSLQHGLWLQJDQGIRU
FULWLFDO UHDGLQJ RI WKH PDQXVFULSW :H WKDQN WKH
SODWIRUP05,&%,26,78QLYHUVLW\5HQQHV
$XWKRU&RQWULEXWLRQV
&RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQWV %0 <$%
3HUIRUPHG WKH H[SHULPHQWV )& -*' )- $& ;/* )' 3)
$QDO\]HG WKH GDWD %0 <$%  &RQWULEXWHG UHDJHQWV
PDWHULDOVDQDO\VLV WRROV --3 ;/* 15/ &9 :URWH WKH
PDQXVFULSW%0<$%)&
5HIHUHQFHV
 6HL]LQJHU%55RXOHDX*$2]HOLXV/- /DQH$+)DUPHU*(HWDO  9RQ +LSSHO/LQGDX GLVHDVH PDSV WR WKH UHJLRQ RIFKURPRVRPH  DVVRFLDWHG ZLWK UHQDO FHOO FDUFLQRPD 1DWXUHGRLD3XE0HG &URVVH\3$5LFKDUGV )0 )RVWHU.*UHHQ -6 3URZVH$HW DO,GHQWLILFDWLRQRILQWUDJHQLFPXWDWLRQVLQWKHYRQ+LSSHO/LQGDX GLVHDVH WXPRXU VXSSUHVVRU JHQH DQG FRUUHODWLRQ ZLWKGLVHDVH SKHQRW\SH +XP 0RO *HQHW   GRLKPJ3XE0HG .RYDFV * $NKWDU 0 %HFNZLWK %- %XJHUW 3 &RRSHU &6 HW DO 7KH +HLGHOEHUJ FODVVLILFDWLRQ RI UHQDO FHOO WXPRXUV -3DWKRO   GRL6,&,3XE0HG &KHQ).LVKLGD7'XK)05HQEDXP32UFXWW0/HWDO6XSSUHVVLRQ RI JURZWK RI UHQDO FDUFLQRPD FHOOV E\ WKH YRQ+LSSHO/LQGDX WXPRU VXSSUHVVRU JHQH &DQFHU 5HV 3XE0HG )RVWHU.&URVVH\3$&DLUQV3+HWKHULQJWRQ -:5LFKDUGV)0HWDO0ROHFXODUJHQHWLFLQYHVWLJDWLRQRIVSRUDGLFUHQDOFHOOFDUFLQRPDDQDO\VLVRIDOOHOHORVVRQFKURPRVRPHVSTS  DQG  %U - &DQFHU   GRLEMF3XE0HG .DHOLQ :* -U  0ROHFXODU EDVLV RI WKH 9+/ KHUHGLWDU\FDQFHU V\QGURPH 1DW 5HY &DQFHU   GRLQUF3XE0HG .LP :< .DHOLQ :*  5ROH RI 9+/ JHQH PXWDWLRQ LQKXPDQ FDQFHU - &OLQ 2QFRO   GRL-&23XE0HG 3DXVH $ /HH 6 /RQHUJDQ .0 .ODXVQHU 5'  7KH YRQ+LSSHO/LQGDXWXPRUVXSSUHVVRUJHQHLVUHTXLUHGIRUFHOOF\FOHH[LW XSRQ VHUXP ZLWKGUDZDO 3URF 1DWO $FDG 6FL 8 6 $ 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3XE0HG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 6HDJURYHV7-RKQVRQ56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7ZR+,)VPD\EHEHWWHUWKDQRQH &DQFHU &HOO 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5HJXODWLRQRIPLFURWXEXOH VWDELOLW\E\ WKHYRQ+LSSHO/LQGDXWXPRXUVXSSUHVVRUSURWHLQS9+/1DW&HOO%LROGRLQFE3XE0HG 7KRPD&57RVR$*XWEURGW./5HJJL63)UHZ,-HWDO9+/ ORVV FDXVHV VSLQGOH PLVRULHQWDWLRQ DQG FKURPRVRPHLQVWDELOLW\ 1DW &HOO %LRO   GRLQFE3XE0HG %LVFKRII-5$QGHUVRQ/=KX<0RVVLH.1J/HWDO$KRPRORJXH RI 'URVRSKLOD DXURUD NLQDVH LV RQFRJHQLF DQGDPSOLILHGLQKXPDQFRORUHFWDOFDQFHUV(0%2-GRLHPERM3XE0HG $UORW%RQQHPDLQV<.ORW]EXFKHU$*LHW58]EHNRY5%LKDQ5HW DO  ,GHQWLILFDWLRQ RI D IXQFWLRQDO GHVWUXFWLRQ ER[ LQWKH ;HQRSXV ODHYLV DXURUD$ NLQDVH S(J )(%6 /HWW  GRL6 3XE0HG 5R\FH 0( ;LD : 6DKLQ $$ .DWD\DPD + -RKQVWRQ '$ HW DO67.$XURUD$H[SUHVVLRQLQSULPDU\EUHDVWWXPRUVLVFRUUHODWHGZLWKQXFOHDUJUDGHEXWQRWZLWKSURJQRVLV&DQFHUGRLFQFU3XE0HG %XVFKKRUQ+0.OHLQ55&KDPEHUV60+DUG\0&*UHHQ6HWDO $XURUD$RYHUH[SUHVVLRQ LQKLJKJUDGH3,1 OHVLRQVDQGSURVWDWH FDQFHU 3URVWDWH  GRLSURV3XE0HG 8OLVVH6%DOGLQL(7ROOHU0'HOFURV-**X«KR$HWDO7UDQVIRUPLQJ DFLGLF FRLOHGFRLO  DQG $XURUD$ LQWHUDFW LQKXPDQ WK\URF\WHV DQG WKHLU H[SUHVVLRQ LV GHUHJXODWHG LQWK\URLGFDQFHUWLVVXHV(QGRFU5HODW&DQFHUGRL(5&3XE0HG
 8OLVVH6'HOFURV-*%DOGLQL(7ROOHU0&XUFLR)HWDO([SUHVVLRQRI$XURUDNLQDVHVLQKXPDQWK\URLGFDUFLQRPDFHOOOLQHV DQG WLVVXHV ,QW - &DQFHU   GRLLMF3XE0HG $PSRIR(.LHW]PDQQ7=LPPHU$-DNXSRYLF00RQWHQDUK0HWDO3KRVSKRU\ODWLRQRIWKHYRQ+LSSHO/LQGDXSURWHLQ9+/ E\SURWHLQ NLQDVH&. UHGXFHV LWV SURWHLQ VWDELOLW\ DQGDIIHFWV S DQG +,)DOSKD PHGLDWHG WUDQVFULSWLRQ ,QW -%LRFKHP &HOO %LRO   GRLMELRFHO3XE0HG 0RW]HU5-%DQGHU1+1DQXV'05HQDOFHOOFDUFLQRPD1 (QJO - 0HG   GRL1(-03XE0HG (KDUD + <RNRL 6 7DPDNL 0 1LVKLQR < 7DNDKDVKL < HW DO ([SUHVVLRQ RI PLWRWLF $XURUD,SOSUHODWHG NLQDVHV LQUHQDO FHOO FDUFLQRPDV DQ LPPXQRKLVWRFKHPLFDO VWXG\ 8URO5HV   GRLV[ 3XE0HG .XUDKDVKL70L\DNH++DUD,)XMLVDZD06LJQLILFDQFHRI$XURUD$H[SUHVVLRQLQUHQDOFHOOFDUFLQRPD8URO2QFRO GRLMXURORQF 3XE0HG 3DWDUG --5LRX[/HFOHUFT10DVVRQ'=HUURXNL6 -RXDQ)HWDO  $EVHQFH RI 9+/ JHQH DOWHUDWLRQ DQG KLJK 9(*)H[SUHVVLRQ DUH DVVRFLDWHG ZLWK WXPRXU DJJUHVVLYHQHVV DQGSRRU VXUYLYDO RI UHQDOFHOO FDUFLQRPD %U - &DQFHU GRLVMEMF3XE0HG 3DWDUG --  ,QFLGHQWDO UHQDO WXPRXUV &XUU 2SLQ 8URO  GRL028EHIFFG 3XE0HG 0D[ZHOO3+:LHVHQHU06&KDQJ*:&OLIIRUG6&9DX[(&HWDO7KHWXPRXUVXSSUHVVRUSURWHLQ9+/WDUJHWVK\SR[LDLQGXFLEOH IDFWRUV IRU R[\JHQGHSHQGHQW SURWHRO\VLV 1DWXUHGRL3XE0HG .ORW]EXFKHU $ 3DVFUHDX * 3ULJHQW & $UORW%RQQHPDLQV < $ 0HWKRG IRU $QDO\]LQJ WKH 8ELTXLWLQDWLRQ DQG'HJUDGDWLRQ RI $XURUD$ %LRO 3URFHG 2QOLQH   GRLESR3XE0HG .LPXUD 0 >VXUQDPH@ +DWWRUL 7 6XPL 1 <RVKLRND 77RGRNRUR.2NDQR< &HOO F\FOHGHSHQGHQWH[SUHVVLRQDQGVSLQGOHSROHORFDOL]DWLRQRIDQRYHOKXPDQSURWHLQNLQDVH$LNUHODWHGWR$XURUDRI'URVRSKLODDQG\HDVW,SO-%LRO&KHP  GRLMEF3XE0HG %RGPHU ' (OHYHOG 0 /LJWHQEHUJ 0 :HWHUPDQ 0 YDQ GHU0HLMGHQ$HWDO&\WRJHQHWLFDQGPROHFXODUDQDO\VLVRIHDUO\ VWDJH UHQDO FHOO FDUFLQRPDV LQ D IDPLO\ ZLWK DWUDQVORFDWLRQ TT &DQFHU *HQHW &\WRJHQHW  GRL6 3XE0HG +RTXH$&DUWHU-;LD:+XQJ0&6DKLQ$$HWDO/RVVRI DXURUD $67.%7$. RYHUH[SUHVVLRQ FRUUHODWHV ZLWKWUDQVLWLRQRILQVLWXWRLQYDVLYHGXFWDOFDUFLQRPDRIWKHEUHDVW&DQFHUHSLGHPLRORJ\ELRPDUNHUV	SUHYHQWLRQDSXEOLFDWLRQRIWKH$PHULFDQ$VVRFLDWLRQIRU&DQFHU5HVHDUFKFRVSRQVRUHGE\ WKH $PHULFDQ 6RFLHW\ RI 3UHYHQWLYH 2QFRORJ\  /HL < <DQ 6 0LQJ'H / >VXUQDPH@ 5XL)D + 3URJQRVWLF VLJQLILFDQFH RI $XURUD$ H[SUHVVLRQ LQ KXPDQEODGGHUFDQFHU$FWDKLVWRFKHPLFD %XIR36DQJXHGROFH)7RUWRUHOOD6&RUPLR/&DUULHUL*HWDO ([SUHVVLRQ RI PLWRWLF NLQDVHV SKRVSKRDXURUD $ DQGDXURUD% FRUUHODWHVZLWK FOLQLFDO DQGSDWKRORJLFDO SDUDPHWHUVLQ EODGGHU QHRSODVPV +LVWRO +LVWRSDWKRO  3XE0HG
S9+/3KRVSKRU\ODWLRQDQG$XURUD$LQFF5&&
3/2621(_ZZZSORVRQHRUJ  -XQH_9ROXPH_,VVXH_H
 7KRHQHV:6WRUNHO65XPSHOW+- +LVWRSDWKRORJ\DQGFODVVLILFDWLRQ RI UHQDO FHOO WXPRUV DGHQRPDV RQFRF\WRPDVDQG FDUFLQRPDV 7KH EDVLF F\WRORJLFDO DQG KLVWRSDWKRORJLFDOHOHPHQWV DQG WKHLU XVH IRU GLDJQRVWLFV 3DWKRO 5HV 3UDFWLFHGRL6
 +HUJRYLFK$/LV]WZDQ-7KRPD&5:LUEHODXHU&%DUU\5(HWDO  3ULPLQJGHSHQGHQW SKRVSKRU\ODWLRQ DQG UHJXODWLRQRIWKHWXPRUVXSSUHVVRUS9+/E\JO\FRJHQV\QWKDVHNLQDVH0RO &HOO %LRO   GRL0&%3XE0HG
S9+/3KRVSKRU\ODWLRQDQG$XURUD$LQFF5&&
3/2621(_ZZZSORVRQHRUJ  -XQH_9ROXPH_,VVXH_H
